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Abstract 
This study investigates reference conditions of German stream types using the top-down 
stream typology developed by POTTGmSSE~ & SOMMERHXUSER (2004) and 264 macro- 
zoobenthos samples elected as representing reference status. With the aid of discriminant 
and correlation analyses, the use of typological parameters i investigated as regards their 
relevancy and the study aims to show whether the metrics used in the newly developed type- 
specific indices (BOHMER et al. 2004b) reflect he reference conditions. The data cover 15 of 
the 24 German stream types. The use of stream size, of ecoregions as an indirect parameter 
for geographical titude, and of the bottom substrate for the lowland stream types as typo- 
logical factors can be confirmed, as can six stream types as separate and independent. As bot- 
tom substrate is an essential factor for the lowland stream types, their independency is at 
least probable. For the stream types of the lower mountain regions, a separation of siliceous 
and calcareous types seems not to be crucial for the bioassessment on metric level, while a 
new approach for and a possible splitting of the small streams in floodplains is recommend- 
ed. 
Key words: Multimetric bioassessment - metrics - typology - reference conditions -
macroinvertebrates 
Introduction 
The possible definition of a "stream reference condi- 
tion" has been widely discussed in Germany during the 
last few years. Mostly, it is understood as the very good 
status of a stream, the ultimate goal to reach concerning 
biotic and abiotic factors. In reality, it is sometimes the 
"best available" condition, as streams essentially undis- 
turbed and unaffected by man are rather are, especially 
in the Northern lowlands of Germany. As the develop- 
ment of an assessment system for Germany was defined 
from the first to be type-specific, reference conditions 
had also to correspond to the top-down defined stream 
types (POTTGIESSER & SOMMERHNUSER 2004). The avail- 
ability and number of reference streams or sites differ 
from type to type. In the higher egions of the Alps and 
the lower mountain ranges, there are quite a few streams 
and sites which may be considered as references. In the 
lowlands, it is often more difficult to find an undisturbed 
stream site. 
In this study, reference conditions are not regarded as 
the undisturbed condition, hydromorphological integrity 
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or generally sound state of a river, but only as these 
terms are reflected by the metrics used in the new assess- 
ment system for Germany (see HERING et al. 2004; B6H- 
MER et al. 2004b). Benthic invertebrates are the most fre- 
quently used organisms for river bioassessment, and the 
taxonomic omposition, abundance, ratio of sensitive 
and insensitive taxa and diversity (parameters defined 
by the Water Framework Directive) are mirrored by met- 
rics, which describe ameasurable attribute of the macro- 
zoobenthos community and give information on its 
functionality. Thus, this study addresses the question 
whether the metrics used in the several type-specific 
multimetric indices reflect he reference conditions of 
the pre-defined stream types and can affirm the stream 
type classification. 
Methods 
The stream typology is based on top-down defined 
stream types according to POTTGmSSER & SOMMER- 
HXUSER (2004). These types were mainly defined using 
generally applicable abiotic criteria, such as ecoregion, 
stream size based on catchment area, altitude, and catch- 
ment geology. Although the definition could not be 
based on large biotic data sets for all the regions, a type 
is supposed to cover biota with a limited variability 
(HERINC et al. 2004). A recent esting of the "top-down" 
stream typology based on the benthic invertebrate fauna 
gives evidence for the existence of most of the stream 
types (LORENZ et al. 2004). 
In Germany, streams undisturbed from source to river 
mouth are seldom to be found. For the purpose of our ex- 
tended studies, we defined reference sites as well as ref- 
erence samples. The reference sites are near natural 
stream reaches of a particular stream type, selected by 
the working groups engaged in the development of 
macroinvertebrate indices (universities of Essen and 
Hohenheim, Senckenberg Institute, Landesanstalt ffir 
Umweltschutz Baden-Wtirttemberg) or federal authori- 
ties (HAASE et al. 2004). The reference samples, on 
which this study concentrates, likewise came from near 
natural stream sections, but had to fulfil several addi- 
tional conditions. These are defined by the following 
precepts: 
A minimum number of taxa (20) and individuals 
(150) must occur in a sample to exclude sloppily taken 
samples as well as untypical stream reaches. A water 
quality class of at least "good" was required to eliminate 
organically impaired sites. The land use index uses the 
most recent CORINE land cover data for Germany 
(STATISTISCHES BUNDESAMT 1997) and is calculated as 
Land Use Index = 4x urban areas + 2x agricultural 
areas + pastures. 
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The higher the value, the stronger is the influence of 
urban and agricultural land use at a given site. The hydro- 
morphological index (FELD 2004) defines the degree of im- 
pact by morphological terations. The impact class scale 
utilizes all available information on the status of a site or 
the nature and degree of a disturbance, such as chemical, 
physical and pH measurements, knowledge of investiga- 
tors and local authorities, information on number and size 
of sewage treatment plants or agricultural activities from 
current opographical maps (BOI~NER et al. 2004a). This 
scale of human impact is ranked from one (very good, 
unimpaired status) to five (badly impaired status). 
Thus, the conditions for the selection of a reference 
sample were: 
- the sample contains more than 20 macrozoobenthos 
taxa and more than 150 individuals 
- the water quality class for the sample is good or better 
- the land use index for the site is less than 100 
- the hydromorphological index for the site is good or 
better 
- the pre-defined impact class for the site is good or better 
- information on the status of the site is available from 
at least wo of the last three sources. 
In this way, 291 reference samples from over 120 
streams have been defined. Valid cases in the analysis 
were 264. 
The study covers 15 of the 24 German stream types. 
Large rivers (stream types 10 and 20) are not included, 
since a different assessment system will be used for 
these types (SCHOLL & HAYBACH 2001). Stream types 2 
and 4 (small streams and large rivers in the alpine 
foothills) as well as types 12 (organic rivers) and 18 
(loess- and loam-bottom lowland brooks) had to be dis- 
regarded, since there are no (or only one, as with type 
18) reference samples for those four stream types. Only 
a few reference samples exist for the pre-alpine streams. 
This is due to a recent re-grouping of types. Possible ref- 
erence sites of these types sampled uring the project 
time later turned out to belong to another stream type. In 
the case of type 12, the already mentioned difficulty to 
find unimpacted sites in the lowlands applies. 
For the other types, there are at least three (type 17, 
gravel-bottom lowland rivers) and up to 57 reference 
samples (type 5, small siliceous streams the lower 
mountain ranges). For this study, the types are roughly 
classified into the following "stream type groups": 
alpine and pre-alpine streams (types 1 and 3), lower 
mountain range streams (stream types 5-9.2) and low- 
land streams (types 11-19). 
As typology relevant factors, we used data on catch- 
ment geology (siliceous, calcareous geology), altitude, 
stream size as expressed in the distance from the source, 
stream gradient and main bottom substrate at the studied 
site. 
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For the multivariate classification and the separation 
of ecoregions and types on metric level, we used a dis- 
criminant analysis (FISHER 1936) performed with the 
statistical calculation program SPSS. This statistical 
procedure aims at predicting the values of dependent 
variables using the values of one or several independent 
variables. In our case, the stream types are the grouping 
(dependent) variables, the metric reference values the 
explanatory (independent) variables. The group affilia- 
tion is verified with the help of these metric values. At 
this, the discriminant analysis does not employ all inde- 
pendent variables provided, but selects progressively 
those metrics most useful for the separation of stream 
types, until there is no additional explanatory contribu- 
tion to be expected of those variables not included in the 
model. Our question is, whether the selected indepen- 
dent variables (= metrics) can confirm the pre-defined 
group affiliation (= stream type classification). 
Single metrics were correlated with the types using 
Spearman Rank Correlation performed also with SPSS. 
Results 
Discriminant analysis of stream types 
Reference sample values for all 23 metrics used in the 
new multimetric indices (BOHMER et al. 2004b) were en- 
tered into the calculation (with the exception of the met- 
Table 1, Stream types and percentage of predicted accurate group affiliation by Fisher's discriminant analysis (FISHER 1936). 
Bold print: Six stream types which may be affirmed as separate and independent types on metric level. 
Type no. Short name of stream type n % predicted accurate 
group affiliation 
1 Alpine streams 12 91.7 
3 Streams in the younger moraines of the alpine foothills 6 83.3 
5 Small siliceous cobble-bottom streams in the lower mountain ranges 57 49.1 
5.1 Small siliceous ediment rich streams in the lower mountain ranges 20 40.0 
6 Small calcareous ediment rich streams in the lower mountain ranges 16 50.0 
7 Small calcareous streams in the lower mountain ranges 5 80.0 
9 Mid-sized siliceous rivers in the lower mountain ranges 32 50.0 
9. I Mid-sized calcareous rivers in the lower mountain ranges 7 57. I 
9.2 Large calcareous rivers in the lower mountain ranges 11 81.8 
11 Small organic streams 7 85.7 
14 Small sand-bottom lowland streams 23 69.6 
15 Mid-sized to large sand- and loam-bottom lowland streams 39 56.4 
16 Small gravel-bottom lowland streams 18 83.3 
17 Mid-sized to large gravel-bottom lowland rivers 3 33.3 
19 Small streams in floodplains (ecoregion-independent) 7 57.1 
Table 2. Spearman correlation coefficients for seven selected metrics in correlation to typology relevant parameters. A = altitude, DS -- dis- 
tance from source, G = stream gradient, S -- bottom substrate. Correlations in bold print are highly significant (c~ <0.005) or significant (~ = 
0.01). For other abbreviations see text. 
Metrics Ecoregions 
Alps and alpine foothills Lower mountain regions Lowlands 
A DS G S A DS G S A DS G S 
%AHT I 0.71 -0.06 -0.06 -0.61 0.52 -0.66 0.65 -0.23 0.25 -0.19 0.37 
GFID01 0.61 -0.21 0.16 -0.61 0.51 -0.67 0.57 -0.16 0.38 -0.60 0.51 
RTI 0.16 -0.78 0.84 -0.61 0.50 -0.65 0.48 -0,23 0.12 -0.65 0.66 
% EPT 0.68 0.61 -0.63 -0.20 0.30 -0.24 0 .21  -0,11 -0.40 -0.42 0.57 
%P 0.69 0.46 -0.56 -0.20 0.37 -0.48 0.28 0.05 -0.18 -0.45 0.50 
rheo 0.22 0.23 0.05 -0.51 0.46 -0.65 0.54 -0.03 -0,16 -0.26 0.28 
%O 0.63 -0.15 -0.03 -0.61 0.46 -0.73 0 .61  -0.16 0.33 -0.62 0.60 
-0,43 
-0.41 
-0.51 
-0.34 
-0.46 
-0.44 
-0.46 
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Fig. 1. The metric Rheoindex (rheo, calculated with abundance classes) plotted 
against he bottom substrate class for lower mountain region stream types and 
lowland stream types. 
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rics used for the large rivers, types 10 and 
20). The discriminant analysis selected ten 
metrics as most useful and important for the 
separation of the stream types. In the order 
of their separating capacity, these were (ab- 
breviations for the metrics, used in the ta- 
bles, are given in parenthesis): 
- share of stone-dwelling taxa (BRAUK- 
MAn 1997), calculated with abundance 
classes (% AHT1) 
- German Fauna Index D 01 (GFID01) 
- Rhithron-Typie-Index (RTI) (BIss et al. 
2002) 
- share of Ephemeroptera, Plecoptera nd 
Trichoptera taxa, calculated with abun- 
dance classes (% EPT) 
- share of gatherers and collectors (% GC) 
- share of Plecoptera (% P) 
- Shannon-Wiener diversity index 
(SWDiv) (SHANNON & WEAVER 1949) 
- share of rheophilic taxa, calculated with 
abundance classes (% RP) 
- Rheoindex (BANNIN6 1990), calculated 
with abundance classes (rheo) 
- share of oligosaprobic taxa (% O). 
These metrics react to factors essential 
for the stream typology, such as altitude 
(covered by the ecoregions), stream size, 
downhill gradient (not covered by the exist- 
ing typology) or substrate. If reference con- 
ditions do not differ in these factors, stream 
types will not be separated. Among the ten 
metrics given above, the metrics with the 
highest weight in classification for all 
stream types in the analysis are % 
Ephemeroptera, Plecoptera nd Trichoptera 
taxa (% EPT), stone-dwelling taxa (AHT1), 
Rheoindex (rheo) and Rhithron-Typie- 
Index (RTI). 
The dicriminant function predicts the 
group affiliation of the types. Using the ten 
essential metrics, six stream types may be 
affirmed as separate and independent types 
on metric level (Table 1, bold print). 
Especially the alpine streams (type 1) and 
type 11, the only stream type with organic 
substrates in the analysis, are clearly sepa- 
rated. All other stream types more or less 
Fig. 2. The metric % oligosaprobic taxa (% O) plot- 
ted against altitude for lower mountain region stream 
types and lowland stream types. 
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Fig. 3. Box-Whisker-plots of the metric % Epbemeroptera, Pie- 
coptera and Trichoptera taxa (% EPT, calculated with abundance 
classes) for the reference samples of the different stream types. 
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Fig. 4. Box-Whisker-plots of the metric % oligosaprobic taxa (% O) 
for the reference samples of the different stream types. 
overlap with other types. Types 5, 5.1 and 6 show simi- 
larities between each other and especially with type 7, 
but also with types 3 and 9.1. This suggests that 
"siliceous" or "calcareous" may be less important than 
stream size and altitude. Type 9 (siliceous) also partly 
overlaps with 9.2 (calcareous). 
Types 14 and 15 show overlaps between each other as 
well as with types 16 and 17. Type 9.2 shares ome char- 
acteristics with types 15 and 17, type 19, the small flood- 
plain streams, with types 6 and 15. 
Regarding the affirmation of stream types on metric 
level, these results of the discriminant analysis uggest 
that altitude (as reflected in the ecoregions) is a type de- 
termining factor and the catchment geology is not cru- 
cial for the type separation in the lower mountain 
ranges. 
Correlations of the ten separating metrics 
with typology relevant factors 
The Spearman correlations of seven selected metrics 
with the typology relevant factors altitude, distance from 
the source (as a parameter for stream size), bottom sub- 
strate and stream gradient are shown in Table 2. The cor- 
relations uggest that hese factors have a variable influ- 
ence on macroinvertebrates in the different ecoregions 
(Table 2). 
In the Alps and alpine foothills (stream types 1 and 3), 
altitude is the most important aspect. Distance from the 
source and stream gradient each show only one signifi- 
cant correlation with the metrics, whereas the substrate 
type correlates highly in several instances, but not sig- 
nificantly. This may be due to the smallness of the data 
Table 3. Metric medians of the ten best type separating metrics for siliceous and calcareous tream types. For abbreviations see text. 
Geology Metrics 
%AHT1 GFID01 RTI % EPT % GC %P SWDiv % RP rheo % 0 
Siliceous 0.22 0.88 3,28 56 26 3.9 2.76 67 0.88 35 
Calcareous 0.32 1.00 3.34 61 20 4.9 2.92 56 0.89 35 
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with abundance classes) for the reference samples of the different 
stream types. 
set for these types. In the lower mountain ranges, three 
factors determine the stream type: altitude, stream size 
and gradient all correlate well with the separating met- 
tics, whereas there are no significant correlations with 
the bottom substrate. In the lowland stream type group, 
size, gradient and bottom substrate are much more im- 
portant than altitude. Especially apparent is the variable 
importance ofthe bottom substrate for the macroinverte- 
brates in the lower mountain regions and in the lowlands 
(Fig. 1). 
The metric % oligosaprobic taxa is one of the few that 
correlate with altitude as well as with stream size and 
gradient in the lowlands (Fig. 2). With lower tempera- 
tures, a higher gradient and more turbulence inhigher al- 
titudes, oxygen supply from the air is much better. This 
may also explain why the metric % Plecoptera is higher 
the smaller the stream and the higher the gradient, as 
Plecoptera are oxygen demanding organisms. 
Correlations of the other most important and type- 
separating metrics also support he theory, that ecore- 
gion is an important ypology aspect, that altitude, 
stream size und gradient are the type determining factors 
within the lower mountain range, and that the main bot- 
tom substrate ype is a highly important additional factor 
in the lowlands. 
Overlaps between stream types 
Nevertheless, overlaps between stream types and even 
ecoregions exist and are evident with the metrics, where 
the reference medians for the metric cluster around the 
same value. In Fig. 3, only types 1 and 11 show distinct- 
ly separate metric medians, while the median values for 
types 3, 6, 7, 9 and 14 lie on the same level, as do metric 
medians for Types 15 and 9.2. In Fig. 4, the overlap be- 
tween median metric values of types 15, 17 and 9.2 is 
clearly apparent. 
Catchment geology 
Six of the ten most important metrics in the separation 
of types show only very slight differences in their me- 
dians, e.g the metric Shannon-Wiener diversity with a 
median value of 2.76 for siliceous and 2.92 for calcare- 
ous stream types, or the Rheoindex with medians of 
0.88 and 0.89 respectively. The biggest difference in 
medians exists for the metric % rheophilic taxa with a 
median value of 67% for siliceous and 56% for cal- 
careous tream types (Table 3). This, too, poses the 
question whether the distinction between siliceous and 
calcareous stream types in the lower mountain regions 
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is necessary for the bioassessment with macronverte- 
brates. 
Small streams in floodplains (type 19) 
Regarding the reference values of single metrics, type 19 
is very similar to the lowland types in the percentages of 
oligosaprobic, epirhithral and stone-dwelling taxa (Fig. 
5). However, type 19 groups with the mountain region 
types in the metric percentages of Ephemeroptera, Ple- 
coptera nd Trichoptera taxa, where median reference 
values are clearly higher than those for the lowlands 
(Fig. 3), and the metric percentage ofcrustacea. 
The hybrid character of type 19 is also evident with 
the Rheoindex, where type 19 median reference values 
for current velocities are higher than for the lowland 
stream types, but not as high as for the mountain range 
brooks (Fig. 6). 
Since the reference samples and their metric values 
for type 19 group with both ecoregions, and the stream 
type shows characteristics of both stream type groups, 
the classification of the small floodplain streams as 
ecoregion-independent is challenged. 
Discussion 
There are two important aspects in investigating refer- 
ence conditions of German stream types with macroin- 
vertebrates. One is the question whether the top-down 
typology used relevant factors for the separation of 
stream types. The second question refers to affirmation 
of types on metric level and the use of metrics in the 
bioassessment methods. The selection of different met- 
rics and metric combinations for the stream types may 
have been influenced by different kinds of disturbance, 
to which those metrics react - but the stream types have 
to be confirmed independently of human impact. 
The discriminant analysis of stream types and metric 
reference values, predicting the group affiliation of the 
types, on the one hand confirms at least six stream types 
as separate and independent, onthe other hand it shows 
certain overlaps between the types. This affirms that ty- 
pology relevant factors uch as altitude and bottom sub- 
strate have been considered, but also shows that other 
aspects may be less or more important than presumed. In
this connection, the main exception is the catchment ge- 
ology in the lower mountain ranges. The distinction be- 
tween siliceous and calcareous streams was employed in
macrozoobenthos biology and bioassessment before the 
development of the typology now used (e.g. BRAUK- 
MANN 1997) and it is common consent that the fauna of 
siliceous and calcareous streams differs. Nevertheless, 
the distinction is less obvious on metric level. Median 
metric values are very similar between siliceous and cal- 
careous tream types, and in the discriminant analysis 
the siliceous types 5 and 5.1 show considerable overlaps 
with the calcareous types 6 and 7. This suggests that a 
separation of these types may be not necessary for a 
bioassessment with macroinvertebrates using indices 
and metrics. A non-separation has been anticipated in the 
multimetric assessment, where types 5, 6 and 7 are clas- 
sified by one and the same multimetric ndex. 
In contrast, a further separation of type 19, the small 
streams in floodplains regarded as ecoregion-indepen- 
dent, may be advisable. Even if the number of reference 
samples in this case is rather small, differences are pos- 
sibly more apparent than with samples from impacted 
sites, where distribution and trend of disturbances may 
be unequal and therefore obscure type characteristics. 
The overlap between type 19 and types 6, small streams 
in the lower mountain ranges, and 15, mid-sized to large 
lowland streams, in the discriminant analysis which is 
14.3% and 28.6% respectively, may be explained as a 
function of altitude and size. Of the seven reference 
samples for this type, two come from the lower moun- 
tain regions, five from the lowlands. Some differences 
between the sampled sites are apparent: altitude for the 
two data sets from the lower mountains is 138 and 
270 m, whereas the lowland sites have a maximum alti- 
tude of 36 m. The two mountain stream sites are relative- 
ly small, with a distance from the source of 0.5 and nine 
kilometres; the lowland streams have reached a length of 
at least 14, at most 41 km at the sampled sites. 
The use of certain metrics in the bioassessment meth- 
ods is also confirmed by the analyses. The metrics % 
Plecoptera and stone-dwelling taxa, which belong to the 
strongly type separating metrics, are part of the assess- 
ment system for the small stream types of the lower 
mountain ranges. % Ephemeroptera, Plecoptera and Tri- 
choptera taxa has been used for the larger streams in the 
lower mountain ranges as well as for the lowlands 
stream types, which share some characteristics with 
each other. The metric % gatherers and collectors i used 
solely for type 1, the alpine streams, as are % oligos- 
aprobic taxa and Rhithron-Typie-Index for the pre- 
alpine streams (type 3). The metric % rheophilic taxa is 
applied only for the lowland stream types, and the Ger- 
man Fauna Index D 01 only for the smaller streams in 
this region. 
Conclusions 
The results of this study support he use of the ecoregions 
and the stream size in the top-down typology as well as 
the use of bottom substrate as an essential factor with the 
lowland stream types. As altitude and stream gradient are 
considered only indirectly by the ecoregions classifica- 
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tion, but are important factors in type separation, they 
might play a more important role in the typology. Six 
stream types can be confirmed; the existence of the low- 
land stream types is at least probable considering the im- 
portance of bottom substrate for the lowland types. The 
differentiation between the stream types in the lower 
mountain area may be less stringent, whereas a separa- 
tion of the floodplain streams has to be considered. 
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